TABLE 18. PARTI AL DERI VATI VES FOR EQUATI ON 10

ox/ dy

In U in Q

In U —-— : - 0.88

In Q =1.14 _—

If one wished to know the relationship between the unit depreciation
and Q one could formulate the follow ng relationship

@ _ 5@ @By
W

U (12)

(1)

and U are 4 x 106 m | gal and $117.65/m | gal, respectively,

If Q
then if Q2 increases to 4.5 x 106, U(2) = 103.01 for ACC to remain constant.

”
Qoviously, if U® increases, then ACC will increase

For the water utilities studied, another relationship can be fornu-
lated that relates interest to depreciation. It is as follows:

I = 104.6 p°: 6> (13)

Equations 1 and 10 can be conbined to yield an annual total cost
equation, as shown bel ow

ATC = 20.13 p_ 089y 0-5% q0-96 5 7 (/Q)

. 0.74 Q0.84
i1l mg

(14)

It can be seen from Equations 1, 5, and 14 that if capacity is
increased, the value for DDQw Il increase accordingly, and ACC will rise
at a nore rapid rate than AOC. Therefore, when capacity is increased sharply
the ratio of ACCto ACCwill drop for a period of tine and then increase
gradual | y.
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Equations 1, 10, and 14 give annual operating, capital, and total costs
for the utilities studied and Table 19 provides a nmechani smfor assigning
cost by individual cost category. For exanple, line 1 of Table 19 shows that
31% of the operating costs are associated wth support services. Assum ng
that this percentage stays constant wth changes in the independent variables,
it can be used to estinate the proportion of annual cost that can be assigned
to support services. Line 2 of Table 19 contains the percentages by cost
category for capital costs.

TABLE 19. UTILITY COSTS BY CATEGORY

Percent of Cost by Category

Suppor t Power & Transm ssion &
ltem Services  Acquisition  Treatnent Punping  Distribution
Qperating
cost 31 22 8 16 19
Capita
cost 9.8 12.6 10.3 - 67.3

Production Rel ated Costs

Anot her inportant cost relationship is between annual operating and
capital costs and revenue-producing water. Table 20 sunmarizes these costs
for acquisition, treatnent, transmssion and distribution, and support
services, using the equation form

y = aQ° (15)

The operating cost data are the annual operating expenditures for a given
cost category corrected to 1974, using the CPl. Capital costs are given as
annual depreciation, also corrected to 1974. For exanple, it can be seen
that both annual capital and operating costs for the utilities studied are
increasing at an increasing rate for acquisition. This result inplies that
as the amount of revenue-producing water increases the utility nust seek
sources farther and farther away fromthe treatment plant, resulting in costs
increasing at an increasing rate with Q The results in Table 20 for treat-
ment capital costs are somewhat different than m ght be expected from

intuition. It is normally assumed that economes of scale exist with
respect to treatment capacity (b < 1).
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TABLE 20. RELATI ONSH P BETWEEN ANNUAL COST AND REVENUE- PRODUCI NG WATER*
(Corrected to 1974)

Qperating Cost** Capital Cost**
C= aQb C-= aQb

[tem a b r2 a b r2
Support services 141 0.95 0.94 3.61 1.06 0.76
Acqui si ti on 2.1 1.23 0.64  2.4x10°8 2.89  0.67
Tr eat nent 4202 0.53 0.53 5.2 1.01 0.52
Transmi ssion and
Di stribution 358 0.82 0.91 25.7 1.06 0.89
Tot al 621 0.91 0.93 28.7 1.09 0.89

* Power and punping costs have been allocated into other cost categories.
** ¢ = annual cost in dollars, a = constant, b = rate of change, Q = revenue-
producing water in ml gal/yr.

The results reported in Table 20 are the annualized cost of capita
(exclusive of interest) corrected to 1974, using the CPl. These costs include
the effects of inf%ation over time. In Table 16 these effects are accounted
for by the term €%  Results from Table 20 confirmby their linearity that
the unit cost of water has renained fairly constant when inflation has been
removed. Two other factors influence the unexpected value for b. One is that
the i ndependent variable is revenue-producing water which is always |ess than
design capacity. The second is that these costs include capital inprovenents
and system add-on which may be nore nearly linear in cost as conpared to
initial investments. As demand increased, it is often net by the addition of
a relatively small facility, building block fashion. Adding increnents of
capacity in this manner over time no doubt elimnates some econonm es of scale
in initial construction.
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Equation 16 is a relationship between total chemical costs, and revenue-

produci ng water and source quality:12

c, =25.50 Q*% (1.9n¥ % = 0.7D) (16)
where Cc = Annual chemical costs corrected to 1974 dollars

Q = Revenue-producing water

X = 1 for poor quality surface source water; 0 for high

quality ground or protected surface source water.

if X = 1, then

c, = 48.6Q"%" an
if X = 0, then

c, = 25.5 ¢+t (18)

Equation 19 shows the rel ationshi p between annual power cost and

revenue- producting water and head:
X X

o = 154.3¢° 77 (130 1 (1.23) 2 (% = 0.90) (19)
where CP = Annual power cost in 1974 dollars
Q = Revenue-producing water

Xl and X2 = Dummy variables such that: X, =1, X, = 1 are
the conditions for high head pumping”above 700 ft.;

Xl =1, X2 = 0 are conditions for medium elevation
pumping 300 - 700 ft; Xl = 0, X2 = 0 are the condi-

tions for low head pumping 0 - 300 ft.

For example, if X1 =1, X, = 1 then

2
¢, = 349.2°7° (20)
if Xl = 1, X2 = 0 then
8
C, = 283.9 Q0'7 (21)
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and if X, =0, X2 = 0 then

c, = 154.3 Q078 (22)

Cincinnati, Ohio, mght provide an exanple of how the equation might be
used. Cincinnati draws water fromthe Chio River which is a poor quality
surface source and water is punped to high elevations. Therefore equations 17
and 20 would be used to estimate chenical and power costs.

Costs as a function of spatial and denographic variables -- A relation-
ship that mght be useful to nany water works nmanagers is one between unit
cost and sel ected physical and/or denographic variables. Colum 2 of Table 21
contains the incremental costs for the G ncinnati cost zones shown in Fig-
ure 24, Treatment, acquisition interest, and support services costs have
been removed. Colum 3 is the straight line distance fromthe treatnent plant
to the centroid of each zone, Colum 4 contains the elevation at the centroid
relative to the treatnment plant, and Columm 5 is the population density in
each zone, Eq 23 expresses the relationship between unit incremental cost,
popul ation density, and distance. The equation is as follows:

0.65 _ 0.20 2

Cu = 122.0 Pd Di (r” = 0.76) (23)
where C, = Unit incremental cost in $/mil gal

Pd = Population density in thousand people/sq mi

Di = Distance to the cost zone centroid in mi

If Pd were constant at fé then the rate of change of incremental cost is
given as shown below: ?

u_ -0.80
5D - X D; (24)

= -0.65
where K1 = 24.4 Pd

As can be seen from Eq 24, unit cost increases at a decreasing rate
with distance, assuming constant population density. If distance were held
constant at Di’ then the rate of change of cost with respect to Pd is as

follows:

€, g p, L6 (25)
39, 2 ¢
d
— .0.20
= -79.3
where K2 (Di)
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TABLE 21. | NCREMENTAL COSTS AND ASSOCI ATED STATI STICS FOR Cl NCI NNAT
WATER WORKS SERVI CE AREA

[ ncrement al Di stance to El evation Popul ati on
Zone Cost Zone Centroid of Centroid Density
($/ml gal)* (m) ** (ft)+ (thou people/sq m)**
A 198. 44 0.5 0.0 , 384
Bl 130. 80 3.7 221. 7 1.324
B2 271. 54 6.2 325.8 . 839
Cla 56. 98 9.7 174.9 2. 656
Clb 238. 83 17.3 338.9 .674
C2 66. 74 12.7 140. 2 4.697
C3a 69. 48 9.6 168.5 6. 730
C3b 140. 36 16.5 339.1 1.896
Cda 58. 50 10. 3 11.5 5. 358
C4b 173. 54 13.9 310.7 2.736

* 1 $/nil gal =0.26 x 10 ~ $/m
** 1 mle = 1610.4 neters
+ 1 ft = 0.91 neters

++ 1 person/sq nmi = 3.874 x 10 ' thou people/m2
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As can be seen from Eq 25, the unit cost decreases at a decreasing rate
with increasing popul ation density. Taking the natural |og transform of
Eq 22 and differentiating and setting each partial differential equal to zero
yields that data in Table 22

TABLE 22. PARTIALS FOR NATURAL LOG TRANSFORM OF EQUATI ON (22)

dy/

oy
x= 1n P in D,
vy = d i
In Pd - 0.31~
1ln D, 3.25 -
1

From Table 22 we see that for the cost to stay constant (acu = “Yu = 0)
oD, oP
the following relationship nust hold: 1 d
1 1 o0.31
b da (26)
D.2 P 2
2 i d 1
If Di is farther away from the treatment plant than Di , then population

3 C,
density must increase in accordance with Eq 26 for 3 D; to remain constant.
Generally, population density decreases with distance from the treatment
plant leading to increases in unit cost due to decreasing density and
increasing distance.

Anot her rel ationship that can be devel oped fromthe data in Table 21
i s shown bel ow

E = 1.8 Di1'4 (£ = 0.60) (27)

where E = Elevation of the cost zone in feet above the treatnent plant
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and Di = Radial distance to the centroid of a cost zone in m
from treatment plant

The general topography of the G ncinnati service area verifies the accuracy
of Egq 26

Eq 26 denonstrates that the increnmental cost of transporting increases with
distance. Assume the follow ng:

Ct = total cost for transporting water (28)
Pd = K (a constant) (29)
Q = aDi (water transmitted increases with distance) (30)

_C
c = t (31)

Q

or C, = EE

oaDi (32)

Substituting eq 29 and 32 into eq 23 and collecting terns yield

1.20
C, = 1220K D (33)

Since 1220¢K i s constant, then Ct increases with Di'

It can also been seen fromEq 26 that, for the Cincinnati utility, unit
cost increases with distance fromthe treatnent plant and decreases with
popul ation density. Neither of the conclusions is surprising, but Egq 22
quantifies this relationship. Eq 27 shows that, for the Cincinnati utility,
el evation tends to increase fairly regularly with distance fromthe treatnent
plant. Eq 23 through 33 lead to the conclusion that there may be definite
limtations of the economically efficient size of a utility service area.
Recogni zed econonmi es of scale are offset by disecononies of scale due to the
di stance water nust be transported. The equations devel oped herein nmay be
useful to define the nost efficient system size. Once costs exceed a given
val ue, managers and planners shoul d consi der establishing a new treatnent
plant if an adequate source is available. These kinds of relationships mnight
al so prove useful to the manager when making pricing decisions.
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SECTION 8

COST OF | MPLEMENTI NG THE SAFE DRI NKI NG WATER ACT

The previous analysis shows that water supply costs are increasing
(see Figures 62 through 73). Sone of these increases are due to pressure
from increased consunmption, and others are the results of inflationary effects
Equation 1 establishes a relationship between $/ man-hour (D.,), nan-hours/
ml gal (hmg), and production of revenue-producing water (éT Costs for D h
are heavily “dependent on inflation, while costs resulting fromincreases ™
in Qare nore nearly related to increases in demand. Productivity in man-
hours/m 1 gal is dependent to a large degree on management policy.

By studying the trends in water supply costs, it is possible to under-
stand some of the economc inpacts of the Safe Drinking Water Act. In the
following section, historic trends will be utilized to estinmate expected
increases in cost. Hypothetical requirenents for the proposed organic regu-
lations in the Safe Drinking Water Act will be superinposed on these expected
increases. It will be possible to separate the expected cost increases from
those associated with the Safe Drinking Water Act.

TRENDS | N WATER SUPPLY

The trends established in the previous sections for a 10-year time
period will be assumed in this analysis. For exanple, Figure 74 shows the
average revenue-producing water punped for all 12 utilities for a 10-year
period ending 1974. This trend has been extrapol ated through 1985.

Revenue- produci ng water in 1974 was 32.8 billion gallons and, according to
the extrapolation, will be 45.0 billion gallons in 1985 -- a 30% i ncrease.
This neans an increase froma 93 m| gal/day systemto a 121 m| gal/day
system Figures 75 through 78 show trends in operating and capital costs for
the functional cost areas discussed earlier.

Tabl e 23 summarizes average 1974 costs and projected average 1984 costs
for all 12 utilities. The changes shown are expected changes, based on denand
and inflationary pressures. Increnental costs above these expected costs
resulting fromthe Safe Drinking Water Act will be analyzed in the follow ng
section.

| MPACT OF THE SAFE DRI NKI NG WATER ACT
Cal cul ations are based on the assunption that Safe Drinking Water Act

control technologies will be installed by 1980. Three types of technol ogy
will be considered: granular activated carbon (GAC) with contactors, GAC
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SET

TABLE 23. CURRENT AND PROJECTED AVERAGE EXPENSES FOR ALL 12 UTILITIES
Cost
ltem 1974 1984 % Change

Total operating cost
($, mllions/year) 8.81 14. 8 + 68
Total capital cost
($, mllions/year) 3.8 5.7 + 50
Total production cost
($, mllions/year) 12.6 20.5 + 63
Total wunit cost
($/m 1 gal) 430 560 + 30
Man- hours/m | gal 29.0 24.8 - 15
$/ Man- hour 4.7 7.2 + 53
Depreci ation
$/ml gal) 63.0 67.5 + 7




replacing sand in the filter shell, and chlorine dioxide. From the previous
anal ysis we learned that by the year 1984 our average utility will produce
120 M. It will therefore be assunmed that any new treatment processes wl |
be designed for a peak capacity of 150 M. Unit costs for each of the three
technol ogi es are shown in Table 24.

Figure 79 shows the CPI for the 10 years of analysis and for an addi-
tional 10 years, extrapolated in two ways. Based on conservative or
straight |ine assunption, the CPI in 1980 is 1.9 (1965 = 1.0). Direct appli-
cation of the conservative CPl to the 1975 unit costs yields the unit costs
shown in the last two colums of Table 24. The new unit costs have been
converted to annual costs and added to the expected treatment operating and
capital costs in 1980, as shown in Figures 80 and 81. Beyond 1980 it is
assumed that these incremental costs will be additive and at the same sl ope
as the expected operating and capital costs. Figures 80 and 81 show that
the adoption of GAC technol ogies will substantially increase treatnment costs
for the average water supply utility. Aggregating treatment costs with tota
capital and operating costs for the conposite utility yields Figures 82 and
83. The percent increase in operating costs is nmuch less than the percent
i ncrease in treatment cost alone. The inpact on total production cost is
shown in Figure 84, and the effect on unit cost is shown in Figure 85.
Table 25 summarizes these cost increases

Tabl e 25 shows that the total production cost of water will increase by
36% bet ween 1974 and 1980 without add-on technology. Wth the nmost expensive
t echnol ogy, total production costs will increase by 24% over those expected
as a result of other pressures. Unit costs will increase by 24%

The | ess conservative assunption regarding the increase in CPl would
increase the add-on technol ogy costs as shown in Figures 86 and 87. The
increase in total water production cost, for example is 32% and there is a
29% increase in unit cost.

The Effect of Time on Rate Structure - Wthout SDWA

As can be seen fromthe previous analysis, operating and maintenance
costs will tend to dom nate the cost of water supply over time due to the
effects of inflation. Using data fromall 12 utilities, we can formulate
the following relationships for &M and capital cost (Table 16)

oc = 360.4 Q071 g0-056t (2 = 0.93) (34)
cc = 193.8 Q091 0-043t (£ = 0.86)
wher e OC = Annual operating cost in dollars

CC = Annual capital cost in dollars

Annual revenue-producing water in ml gal/yr

Q
t

Rel ative time starting with year 1
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LET

TABLE 24. UNIT COSTS FOR CONTRCL TECHNOLOGY AT 150 I\/[-ID*13

Unit cost, 1975 Unit cost, 1980
($/ 1,000 gallons) ($/ 1,000 gallons)
Treat rent Technol ogy Capi tal Operating Capi tal Operating

Chl orine dioxide 0.2 1.0 0.24 1.22
Granul ar activated carbon

(contactors) 4.1 2.2 5.00 2.68
Granul ar activated carbon

(Media repl acenent) 1.1 4.0 1.34 4.88

* Costs are calculated at 70% of capacity.
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TABLE 25. EXPECTED COSTS IN 1980 FOR AN AVERAGE UTILITY

Expected 1980 costs
wi th add-on technol ogi es

Expect ed
Cost cost GAC -- GAC -- nedia Chlorine
[tem in 1975 in 1980 contactors repl acenent di oxi de
Treat nent operating cost
(($/mllions/year) 1.10 1.50 2.97 4.17 2 17
Treatnent capital cost
($, nillions/year) 0.48 0. 60 3.34 1.33 0.73
Total operating cost
($, mllions/year) 8.85 12. 40 13. 87 15. 07 13. 07
Total capital cost
($, mllions/year) 3.80 4.95 7.69 5. 68 5. 08
Total production cost
($, mllions/year) 12.75 17.35 21.56 20. 75 18. 25

Total unit cost
($/nil gal) 412.00 480. 00 596. 47 574. 06 504. 90
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By fornulating the ratio between operating cost and capital cost
(Equations 34 and 35) we see the following:

0C 0.013t
¢ - 186« (36)
From Equation 36 it can be seen that in terms of cost and ultimately the rate
structure, water supply costs will be increasingly dom nated by operating

expendi tures.
The Effect of Time on Rate Structure - Wth SDWA

Assume Equations 31 and 32 are the new capital cost equation and opera-
ting cost equation as shown bel ow.

oc_ = 427.25 Q¥-% &+0°F (37)
cc. = 219.64 Q01O Q0-043¢ (38)
n
Formng the ratio of Equation 37 to Equation 38 yields
oc
n 0.013¢
CCn = 1.95 e (39)

As can be seen from Equations 39 and 36, in a short period of tinme the new
capital requirements resulting fromthe Safe Drinking Water Act will be

insignificant when conpared to total operating expenditures
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APPENDI X

The appendi x contains regression equations for itens of interest for

each of the utilities studied. Tine in the equations is in calendar years

rather than in relative tine.
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APPENDI X

Cost equations are given for individual utilities over time. Both
linear and exponential equations are presented.
TABLE A-1. ANNUAL OPERATING COST VERSUS TI ME
Li near * Exponential+

C=b+mt c = Kebt
Wility b m £ K b | 2
Fai rfax Co. - 2.94 x 107 | 464000 96 1.3 [0.21 |0.86
El i zabet ht own - 4.40 x 107 765000 . 86 29000. 0.08 .92
Kansas City - 2.93 x lo7 521000 .95 29000. 0.08 .92
Puebl o - 6.32 x 106 114000 .76 13000. 0.07 . 86
New Haven - 1.43 x 107 252000 .97 10400. 0.08 .97
Gi nci nnat i - 2.56 x 107 | 472000 96 62500. | 0.07 |0.97
San Diego - 9.38 x 10’ | 1.56 x 10%|0. 88 7700. | 0.11 | 0.92
Ol ando - 1.34 x 107 219000 .90 370. 0.12 .97
Dal | as - 4.94 x 107 836000 .94 10200. 0.10 .97
Kenton Co. - 1.93 x 106 33900 .92 1742. 0.08 .97
Seattle - 2.96 X 107 517000 .97 18300. 0.08 .97
Phoeni x - 4.68 x 107 | 791000 91 9712. | 0.10 | 0.97

* C= annual cost in $/year

b = const ant
m = sl ope
t

= cal endar year
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TABLE A-2. ANNUAL CAPI TAL COST VERSUS TI ME
Li near* Exponential+
C=b+n C = RePt

Wility b m 2 K b £?
Fairfax Co. - 4.33 X 107 690000 0.39 0.07 | 0.26 0. 46
El i zabet ht own 2.44 x 107 404000 0.91 1285. 0.11 0.92
Kansas Gty 3.97 x 106 88000 0.66 | 171000. 0. 04 0. 66
Puebl o - 6.54 X 106 108000 0.51 701. 0.10 0. 66
New Haven - 2.68 x 107 447200 0.91 1695. 0.11 0.94
Gi nci nnat | 994000 20500 | 0.10 |1.31 x 10® |0.01 0.10
San Diego 4.38 x 10° | 18200 | 0.06 |4.70 x 10® |0.01 0. 06
ol ando 5.05 x 10° | 90759 | 0.53| 11400.  |0.07 0.53
Dal | as - 2.52 x 10’ | 448000 | 0.40 | 34200. |0.07 0.23
Kenton Co. 604000 10900 0.30 2037. 0. 06 0.41
Seattle - 3.60 x 106 95900 0.91 | 353000. 0.03 0.93
Phoeni x 1.18 x 107 18100 0.92 | 38300. 0. 06 0.97
* C = annual cost in $/year + C = annual cost in $/year

b = constant K = constant

m = sl ope b = rate of change

t = calendar year. t = calendar vyear.
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TABLE A-3. REVENUE- PRODUCI NG WATER VERSUS TI ME
Li near* Exponential+
C=b +nt C=xre®
Wility b m ? K : 2

Fairfax Co. 150000 2352 0.74 0 0.31 0.69
El i zabet ht own 13200 680 0.52 8395. 0. 02 0.50
Kansas Gty 19400 118 0.03 20500. 0.00 0.03
Puebl o 5902 4.65 | 0.00 5931. 0. 00 0.00
New Haven 7970 135 0.03 9761. 0.01 0. 04
Cincinnat i - 13674 718 0.90 8951. 0.02 0.90
San Diego 94800 1920 0.94 1166. 0. 05 0.95
Ol ando 28000 544 0.82 197. 0.05 0.80
Dal | as 140000 2750 0.81 1080. 0.05 0.80
Kent on Co. 7090 126 1.00 7.98 | 0.08 1.00
Seattle 22800 338 0.01 26600. 0.01 0.02
Phoeni x 141000 2690 0.76 854. 0.06 0.81
* C= annual cost in $/year * €= annual cost in $year

b = constant K= constant

m = sl ope b = rate of change

t = calendar year. t = calendar year.



TABLE A-4. MAN-HOURS/M L GAL VERSUS TI ME
Li near* Exponential+
C=Db+m C = Kebt
Wility b m £? K b (2

Fairfax Co. - 37.39 0.88 0.24 2.01 0.04 .20
El i zabet ht own 30. 22 0.23 0.46 44,28 0.03 .20
Kansas City 77.70 0.48 0.03 96.04 (- 0.01 .03
Puebl o 14.74 0.39 0. 04 22.10 0.01 .04
New Haven 79. 38 0.56 0.23 106. 30 0.01 .23
Ci nci nnat i 88. 14 0.83 0. 86 200. 35 0.03 .85
San Diego 45. 65 0.30 0.02 54.14 |- 0.01 .01
Ol ando 39. 48 0.03 0.00 38.01 |- 0.00 .00
Dal | as 97.55 0. 86 0.11 169.04 (- 0.02 .09
Kenton Co. 165. 03 1.91 0.75 1849.39 |- 0.06 e
Seattle 14.70 0.09 0.00 15. 40 0. 00 .00
Phoeni x 68. 66 0.68 0. 60 201. 30 0.03 .62
* C = annual cost in $/ year * ¢ = annual cost in $/ year

b = constant K= constant

m = sl ope b = rate of change

t = calendar year. t = calendar year.
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TABLE A-5. DCOLLARS/ MAN- HOUR VERSUS TI ME
Li near* Exponential+
C=b +nt C= k"
Uility b m - K b r?

Fairfax Co. 20. 55 0.35 0.85 0.01 0.08 .81
El i zabet ht own 18. 25 0.33 0.87 .03 0. 07 . 87
Kansas City 14. 67 0.26 0.96 0.01 0.08 .98
Puebl o 8.16 0.16 0.83 .08 0.50 . 84
New Haven 20. 94 0.35 0.97 .01 0.09 . 96
G ncinnat i 14. 47 0.27 0.86 .04 0. 07 .90
San Diego 20. 17 0.35 0.78 .01 0.08 . 86
Ol ando 10. 41 0.18 0.71 0.01 0.08 LT
Dal | as 10.91 0.19 0.85 .00 0.10 .74
Kent on Co. 7.19 0.16 0.34 . 20 0.04 . 34
Seattle - 15.82 0.29 0.93 .04 0. 06 . 96
Phoeni x 19.01 0. 32 0.85 .01 0.09 .90
* C = annual cost in $/year * ¢ = annual cost in $/ year

b = constant K = const ant

m = sl ope b = rate of change

t = calendar year. t = cal endar year.
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TABLE A-6. ANNUAL SUPPORT SERVI CES COSTS VERSUS TI ME (Operating)

Li near* Exponential+
C=b +nt C = Rt
Uility b m r? K b r?
Fai rfax Co. - 9.99 159000 0. 84 35. 0.15 0.73
El i zabet ht own - 1.22 x 107 204000 0.93 1138. 0.11 0.96
Kansas Gty - 1.38 x 107 242000 0. 86 6894. 0.09 0.82
Puebl 0 - 2.50 x 10° | 43200 | 0.91 1289. | 0.08 0. 95
New Haven - 9.09 x lO6 153000 0.96 1173. 0.10 0.99
G nci nnat i - 1.14 x 107 149000 0.93 2006. 0.10 0.94
San Di ego . 1.78 x 107 |296000 | 0.93 | 1404, | 011 0.97
| ando . 5.64 x 10° | 91500 | 0.92 52. | 0.14 0.92
Dal | as . 2.52 x 10’ | 403000 | 0.93 65. | 0.15 0.97
Kent on Co. - 586000 10200 0. 84 355. 0.08 0. 87
Seattle - 1.87 x 107 317000 0.98 3688. 0.10 0.97
Phoeni X - 2.14 x 10’ | 360000 | 0.97 5704. | 0.09 0. 99
* C = annual cost in $/year * ¢ = annual cost in $year
b = constant K= const ant
m = sl ope b= rate of change
t = calendar vyear. t = calendar year.
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TABLE A-7. ANNUAL ACQUI SI TI ON COSTS VERSUS TIME ( Operati ng)
Li near* Exponentia1+
C=b+n C = ket

Uility b m r? K b r?
Fairfax Co. - 2.44 x 10°] 38200 |0.63 47 | 0.15 67
El i zabet ht own - 6.24 x lO6 106000 0. 86 638. 0.11 .71
Kansas City -— - -—
Puebl o - 934000 14200 0.35 0. 00 0.23 .58
New Haven - 592000 14200 0.76 |32000. 0. 04 T
Ci ncinnat | 818000 18000 0.74 |22700. 0.04 .76
San Diego - 6.8 x 10° |[(1.1x10% |0.83 | 1136. 0.13 .88
Ol ando _—
Dal | as - 639000 17400 0.14 |81000. 0.03 13
Kent on Co. - 107000 1818 0.57 27.70 0.09 . 67
Seattle - 1.13 x 106 22000 0.61 1277. 0. 06 .61
Phoeni x - 4.64 X 106 72000 0.95 1.03 0.18 . 88
* C = annual cost in $/year * ¢ = annual cost in $/ year

b = constant K - constant

m = sl ope b = rate of change

t = calendar year. t = calendar year.
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TABLE A-8. ANNUAL TREATMENT COST VERSUS TIME (Qperating)
Li near* Exponential+
C=b +nt C = gePt

Wility b m 2 K b 2
Fairfax Co. 771000 18800 0.32 44144 0.04 .30
El i zabet ht own 3.43 x 106 58700 0.58 1515 0.09 . 66
Kansas Gty 6.28 x 10% | 111000 0. 94 6684 | 0.08 .96
Puebl o 1.29 x 106 24186 0. 86 4839 0. 06 .92
New Haven 744000 14000 0.78 3300 0. 06 .70
Cincinnati 1.8 x 106 41800 0.89 70700 0.04 .91
San Diego 3.4 X 106 59000 0.81 2135 0.08 . 85
Ol ando 4.5 X 106 73100 0.89 66 0.13 .0
Dal | as 9.5 x 106 164000 0.90 5336 0.08 .93
Kenton Co. 587000 10800 0.94 1584 0.07 .97
Seattle 2.9 X 106 47200 0.82 79 0.12 .81
Phoeni x 7.3 X 106 121000 0.95 1138 0.10 .93
* C = annual cost in $/year * ¢ = annual cost in $/ year

b = constant K = const ant

m = sl ope b = rate of change

t = calendar year. t = cal endar year
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TABLE A-9. ANNUAL POAER AND PUNPI NG COST VERSUS TIME ((Qperating)

Li near* Exponentia1+
C=bDb +nt C = gt
Uility b m 2 K b 2
Fai rfax Co. - 2.5 x10° | 42000 | 0.93 445 | 0.10 | 0.9
El i zabet ht own - 8.6 x 10° 143000 0.45 2202 0.09 0.61
Kansas Gty - 4.7 X 106 90000 0. 96 24700 0. 06 0.93
Puebl o - 13500 6470 0.52 75900 0.02 0.53
New Haven - 232000 6606 0.11 30800 0.03 0.11
Cincinnati - 3.7 X 106 74000 0.87 34000 0. 05 0.89
San Diego
Ol ando
Dal | as - 6.3 X 106 110000 0.89 5299 0.08 0.92
Kenton Co.
Seattle
Phoeni - 9.1 x10% |151000 | 0.63 1910 | 0.09 | 0.61
* C= annual cost in $/year * ¢ = annual cost in $/ year
b = constant K = const ant
m = sl ope b = rate of change
t = calendar year. t = calendar vyear.
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TABLE A-10. ANNUAL TRANSM SSI ON AND DI STRIBUTI ON COST VERSUS TI ME
(Qperating)
Li near* Exponential+
C=b+n ¢ =Ke™

Uility b m > K b >
Fairfax Co. - 8.9 x 10° | 140000 | 0.77 37.9 | 0.14 .83
El i zabet ht own - 3.9x10% | 68400 | o0.91 | 4047. 0. 08 .94
Kansas Gity - 4.5 x 10° | 77600 0. 89 1977. 0. 09 .87
Puebl o 7.1 x 10% | 125700 | 0.79 | 8629, 0.07 .89
New Haven 2.7 x 10® | 50600 0. 88 7729, 0. 07 .87
G nci nnat | 7.8 x 10° | 145000 | 0.97 | 17900. 0.07 .96
san Di ego - 4.7 x 10°% | 101000 0.84 | 119000. 0. 04 .86
ol ando - 3.1x10% | 52800 | 0.70 740. 0. 09 82
Dal | as - 7.7 x 10° | 140000 | o0.89 | 15900. 0.07 91
Kenton Co. - 648000 11100 | 0.91 257. 0. 09 .95
Seattle - 6.9 x 10% | 130000 | 0.83 | 29400. 0. 06 .82
Phoeni x - 1.4 x 10° | 219000 | 0.95 164, 0.13 199
* C= annual cost in S year C = annual cost in $/year

b = constant K= const ant

m = sl ope b = rate of change

t = calendar year. t = calendar year.
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TABLE A-11. ANNUAL TOTAL EXPENDI TURES VERSUS TIME
Li near* Exponential+
C=bh +nt C = gePt

Wility b m 2 K b 2
Fairfax Co. 7.28 x 107 | 1.15 x 10® | 0.63 0.57 | 0.23 .58
Kansas Gty 3.48 x 10" |6.33x10° | 093] 7x1073|4 095 91
G nci nnat | 3.75x 107 |6.76 x 10> | 0.63 |2.44 x 10* |0.086 | 0.46
Puebl o 1.20 x 107 |2.078 x 10°> | 0.50 |1.17 x 10* |0.077 | 0.6l
Dal | as 7.04 x 107 |1.23x10% [o0.01 | 1X1073|56 .96
Elizabethtown |- 6.84 x 10 |1.17 x 10° | 0.90 |2.23 x 10* |0.001 | 0. 94
Kenton Co. 2.53 x 10° | 4.48 x 10* | 0.80 [3.16 x 10> |0.075 |0.90
Seattl e 3.32 x 10° [6.13 x 10° | 0.97 |9.41 x 10* |0.066 | 0. 98
'l ando 1.86 x 10’ |3.13 x 10° | 0.86 |2.90 x 10° | 0.10 .94
San Di ego 8.94 x 10’ |1.54 x 10® | 0.88 |4.04 x 10* |0.087 |0.92
New Haven 4.67 x 107 |7.97 x 10° | 0.95 [9.13 x 10° |0.098 |0.96
Phoeni x - 6.07x10" [107x10% |087| 3x103|52 .94
* C = annual cost in $/year C = annual cost in $/year

b = constant K= const ant

m = sl ope b = rate of change

t = calendar year. t = cal endar year.
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TABLE A-12. UNIT COSTS ($/nil gal)
Li near * Exponentia1+
C=b+m C = Re®

Utility b m 2 K b r?
Fairfax Co. .53 X 103 - 42.2 0. 56 5.37 X 10‘l - 0.065 . 56
Kansas Gity 18 x 100 | 218 |0.93 | 314 0.067 |o0.91
G nci nnat | .29 x 10° 8.55 | 0.95 | 26.9 0.033 |0.95
Puebl o . 976 x 103 34.3 0.74 1.38 0. 081 .81
Dal | as .61 x 107 7.94 | 0.21 | 48.6 0.026 |0.21
El i zabet ht own .46 X 103 26.4 0.92 2. 66 0.071 .93
Kenton Co. .87 X 102 0.59 | 0.00 397. - 0.002 .00
Seattle .33 X lO2 12.0 0.74 3.53 0. 058 .74
ol ando 46 x 10° | 137 | 060 | 14.7 0.044 |0.58
San Diego .29 X 102 17.0 0.59 34.7 0. 037 .62
New Haven .25 X lO3 39. 67 0.92 1. 66 0.082 .94
Phoeni x .46 x 10t 5.6 | 0.41 | 79.7 0.019 |0.40
* C = annual cost in $/year * ¢ = annual cost in $/ year

b = constant b = constant

m = sl ope m = sl ope

t = calendar year. t = calendar year.
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